We investigated the net charge transfer fluctuation at mid-rapidity region in Au + Au collisions at √ s NN = 200 GeV. A partonic and hadronic cascade model, PACIAE, is applied to follow the particle transport in both the partonic and hadronic phases. We have determined the factor, κ, which characterizes the net charge transfer fluctuation. Considering the pure hadronic and pure partonic scenarios, we obtain a factor of 3-5 difference in κ. However, by switching on the hadronization of partonic matter and introducing the secondary hadron-hadron interactions, the factor κ will increase and finally approach the value of the pure hadronic scenario within an accuracy of 20%. In relativistic heavy ion collisions at RHIC energies we expect the formation of the deconfined quark-gluon matter (QGM) [1] [2] [3] [4] . Recently it has been suggested [5, 6] that the net charge transfer fluctuation could be a good signature of QGM formation because it has a much smaller value in deconfinement phase than that in hadronic matter.
In relativistic heavy ion collisions at RHIC energies we expect the formation of the deconfined quark-gluon matter (QGM) [1] [2] [3] [4] . Recently it has been suggested [5, 6] that the net charge transfer fluctuation could be a good signature of QGM formation because it has a much smaller value in deconfinement phase than that in hadronic matter.
The net charge transfer fluctuation is measured by the variable κ which is defined by ( 
1) κ(η) = D u (η)/(dN ch /dη),
where N ch refers to the charge multiplicity (counted according to the charge of particles) and D u stands for the net charge transfer deviation
Here the net charge transfer u(η) is given by where Q F (η) (Q B (η)) is the net charge in the forward (backward) region of η. This κ is the measure of the local unlike-sign charge correlation length [6] . The charge correlation length in QGM phase is expected to be much smaller than that in hadronic matter (HM). This expectation is based on the different characteristic charge unit in QGM (1/3) and in HM (1) [7] [8] [9] . Here it should be mentioned that the net charge transfer fluctuation is different from the net charge fluctuation defined in [10] [11] [12] for instance. In [6] the net charge transfer fluctuation has been determined in hadronic transport models, namely in HIJING [13] , RQMD [14] , and UrQMD [15] in the rapidity region of |η| 1 for Au + Au collisions at √ s NN = 200 GeV. These models gave similar κ values. Their result of κ(η = 1) agreed with the experimental datum of net charge fluctuation measured at η = 1 (0.27 ± 0.02) in Au + Au collisions at √ s NN = 130 GeV [12] . They found that the κ(η) is independent on the centrality of Au + Au collisions.
In this Letter we summarize our results of κ(η) in the rapidity window of |η| 1 in Au + Au collisions at √ s NN = 200 GeV. A partonic and hadronic cascade model, PACIAE, is applied in the calculations for both the pure hadronic and par- tonic scenarios (HM and QGM). Furthermore, we later consider a third case, where the partonic matter has been hadronized and the secondary hadronic interactions were followed by means of the PACIAE model with results labeled by "HM v. QGM" (here "v." means "via"). The κ calculated in hadronic scenario is close to that in HIJING, RQMD, or UrQMD calculations [6] . However the κ in QGM is a factor of 3 to 5 smaller than that in HM.
We first introduce the PACIAE model briefly for selfconsistency. The PACIAE model has been published in [16, 17] . The model consists of parton initialization, parton evolution, hadronization, and hadron evolution.
In the first part of PACIAE model a nucleus-nucleus collision is decomposed into nucleon-nucleon collisions. A nucleon in a colliding nucleus is distributed randomly according to the Wood-Saxon distribution (r) and the 4π uniform distribution (θ and φ) in spatial coordinate space and is given the beam momentum in momentum space (the Fermi motion is neglected). A distance of the closest approach for each nucleon-nucleon (NN ) collision pair along their straight line trajectory is calculated together with its collision time under the requirement that the above distance must be less than or equal to σ tot /π . Here σ tot refers to the total cross section of NN collision which is equal to 45 mb. Then the particle list and NN collision (time) list are constructed. A NN collision with smallest collision time is selected and decomposed into the parton-parton collisions. Here a hard parton-parton collision is modeled by the lowest-leading-order (LLO) pQCD parton-parton interactions applying parton distribution function of the nucleon [18] . The soft parton-parton interaction is considered empirically [19] . Both interactions are performed by the PYTHIA model [19] , where the string fragmentation is switched-off. Thus, the produced particles in a NN collision are quark pairs, diquark pairs, and gluons. The diquark (anti-diquark) splits into quarks (antiquarks) randomly. The produced partons, similar to the nucleons, propagate along a straight line trajectory in a time interval equal to the difference between the last collision time and the current collision time. After a NN collision both the particle list and the NN collision list are updated. The next NN collision is selected from the updated NN collision list and the processes above are repeated until the NN collision list is empty. Therefore, the consequence of a nucleus-nucleus collision is a configuration of quarks (q), anti-quarks (q), gluons (g), spectator nucleons, and few beam remnants [19] . The next step is the parton evolution, including partonparton scattering. We use 2 → 2 pQCD differential cross section at LLO [18] , which is regularized by introducing the color screen mass. The differential cross section of a subprocess ij → kl reads
where, for the subprocess q 1 q 2 → q 1 q 2 for instance, we use (5)
In the above equations theŝ,t , andû are the Mandelstam variables, with α s standing for the running coupling constant, and μ for the color screen mass. The total cross section of the parton collision i + j can be obtained as
The parton evolution can be simulated by including differential and total cross sections into a Monte Carlo calculation. Considering 2 → 2 processes there are only six elastic and three inelastic processes [18] .
As for the hadronization we assume first that the partons begin to hadronize when the interactions among them have been ceased (freeze-out). They then hadronize by either the fragmentation model [20, 21] or the coalescence model [22, 23] . The fragmentation models we use in PACIAE are the independent fragmentation (IF) model (i.e. Field-Feynman model) [20] and Lund string fragmentation model [21] which the original PYTHIA code already includes [19] . In parallel, we write a program for the coalescence model ourselves [17] .
The last part of hadronic evolution (hadronic rescattering) is followed by the hadronic cascade model, LUCIAE, which is based on two-body collisions [24] . Now we are ready to study the physics of net charge transfer fluctuation in Au + Au collisions at √ s NN = 200 GeV. In our calculations the Lund string fragmentation model [21] is used to describe the hadronization and the net charge transfer fluctuation is measured in the interval of |η| 1. The model parameters are fixed in all calculations. The obtained results are indicated with "HM v. QGM" since the hadronic final state here is evolved from the partonic initial state. The results will be referred as "QGM" when the simulation is stopped at the stage of partonic scattering and the net charge transfer fluctuation is measured over partons only. Meanwhile, if the net charge transfer fluctuation is measured both over partons and beam remnants (hadrons), the corresponding results will be called "QGM w/ remnant" (here "w/" means "with"). In both "QGM" and "QGM w/ remnant" calculations we assumed that gluon does not contribute to the net charge but does contribute to the total charge multiplicity by 2/3 [11, 25] . A hadronic scenario (referred as "HM") is considered, where the string fragmentation in PYTHIA is switched-on and followed directly by the hadronic rescattering. In this case only the hadronic transport is taken into account, similarly to the HIJING, RQMD, UrQMD, and JPCIAE [26] . Fig. 1 displays the net charge transfer fluctuation, κ, as a function of pseudorapidity, η. In this figure the 0-5% most central Au + Au collisions at √ s NN = 200 GeV are simulated in the cases of "HM" (circles), "HM v. QGM" (squares), and "QGM" (triangles). Here one can see that the value of κ (η = 1), in both the "HM" and "HM v. QGM" simulations, is close to the STAR datum of net charge fluctuation at η = 1 [12] . In both "HM" and "HM v. QGM" simulations the η dependence of κ is similar to that in the HIJING, RQMD, and UrQMD calculations [6] . On the contrary, the η dependence of κ in "QGM" simulations is nearly constant-much like the net charge fluctu- ation as a function of rapidity interval in quark-gluon-matter [7, 11] . It is interesting to see that the κ in "HM" is larger than the κ in "QGM" by a factor of 3 to 5. The difference in κ between "HM" and "HM v. QGM" is small, it amounts 20% on average. This means that the small value of net charge transfer fluctuation in pure "QGM" will mostly wash out, and only a 20% difference will finally indicate the existence of the intermediate deconfined "QGM" phase. In Fig. 2 the rapidity dependence of κ is displayed at different centralities of 0-5%, 30-40%, and 70-80% Au + Au collisions at √ s NN = 200 GeV. The solid symbols indicate the "HM" scenario and the open symbols display the "QGM" scenario. The centrality dependence of κ(η) is weak both in the "HM" and "QGM" simulations. These results are similar to that in the HIJING, RQMD, and UrQMD simulations [6] .
In Fig. 3 the κ(η) is displayed from "QGM w/ remnant" simulations (squares) together with the "HM" (circles) and "QGM" (triangles) simulations for the 0-5% most central Au + Au collisions at √ s NN = 200 GeV. Since the spectator nucleons do not contribute to the net charge transfer fluctuation in |η| 1, one may regard the κ(η) in "QGM w/ remnant" as the κ(η) in a mixed state of quark-gluon-matter and hadron matter. Thus, one can conclude that the value of the net charge transfer fluctuation in the mixed state of HM and QGM may be a factor of 1.5 larger than the κ in pure QGM phase in average. In summary, a partonic and hadronic cascade model, PA-CIAE, is applied calculating the net charge transfer fluctuation within |η| 1 in a wide range centralities of Au + Au collisions at √ s NN = 200 GeV. Considering a pure hadronic (HM) and a pure partonic (QGM) scenarios, we obtain a factor of 3-5 difference in κ. However, switching on the hadronization of partonic matter and introducing the secondary hadron-hadron interactions the factor κ will increase and finally approach the value of pure hadronic scenario within 20%.
